To distinguish the characteristics of ruptured cerebral aneurysm that are suitable for endovascular treatment from those that are not, we evaluated factors that influenced the results of aneurysm embolization in patients with ruptured cerebral aneurysm, based on data from the Japanese Registry of Neuroendovascular Therapy (JR-NET) 1 and 2. The multivariate analysis revealed that young patients, patients with low modified Rankin Scale (mRS) scores before onset, and patients with low World Federation of Neurosurgical Societies (WFNS) grades had good outcome. Compared to proximal internal carotid artery (ICA) aneurysms, the odds ratio of middle cerebral artery (MCA) aneurysms was 1.67, indicating poorer outcome for MCA aneurysms, and patients with small, wide-neck cerebral aneurysms had poor outcome. Patients treated after 15 days had better outcome than during other periods. The timing of treatment, however, did not influence the outcome in patients treated within 14 days. The outcome was poorer when the responsible doctor for the treatment was a specialist or a non-specialist than a supervisory doctor. The outcome of patients treated with bare platinum coils, and three dimensional (3D) rotational angiography was better, and the outcome of patients who completed treatment with body filling was poorer than in patients with complete occlusion. Perioperative hemorrhagic complications, all ischemic complications, and rebleeding occurred in 4.5%, 6.4%, and 1.4% of patients, respectively. All these complications had poor outcome factors on day 30, with odds ratios of 2.72, 2.96, and 25.49, respectively. We must be fully aware of these risk factors and determine indications for the treatment when endovascular treatment is performed as the treatment of choice for ruptured cerebral aneurysm.
Introduction
Prevention of rebleeding is critical for a successful treatment of ruptured cerebral aneurysm. 1) In the japanese Guidelines for the management of Stroke 2009, 2) surgical treatment and endovascular treatment are recommended as a Grade a recommendation to prevent rebleeding from a ruptured aneurysm. The usefulness of endovascular treatment has been reported in large studies, including the International Subarachnoid aneurysm Trial (ISaT) 3, 4) and meta-analyses, 5, 6) and increasing numbers of japanese institutions are using received june 20, 2013; accepted November 21, 2013 endovascular treatment as a first-line treatment. under such circumstances, the most important challenge facing at present is to distinguish the types of ruptured cerebral aneurysms that are suitable for endovascular treatment from those that are not.
In the present study, the results of aneurysm embolization in patients with ruptured cerebral aneurysm were analyzed and factors that influenced the outcome for the patients were evaluated based on the database from the japanese registry of Neuroendovascular Therapy 1 (jr- 
Materials and Methods
Of a total of 31,968 patients enrolled in jr-NET1 and jr-NET2, 5,102 patients (1,714 in jr-NET1 and 3,388 in jr-NET2) who underwent aneurysm embolization for the treatment of ruptured cerebral aneurysm, were included in the evaluation. Table 1 lists the characteristics of patients, aneurysms, treatments, and complications. To standardize the characters of jr-NET1 and jr-NET2, classifications were modified. The sites of cerebral aneurysm were reclassified as follows: a1, acom (anterior communicating artery), and daCa (distal internal carotid artery) were classified as aCa (anterior cerebral artery); Ba (basilar artery) trunk, Basca (basilar-superior cerebellar artery), and Babif (basilar artery bifurcation) were reclassified as Ba; Va (vertebral artery), or PCa (posterior cerebral artery), and others (post. circulation) were reclassified as aneurysms in the posterior fossa other than Ba, Va, and PCa. Internal carotid aneurysms were Others (ant. circulation) were not classifiable and therefore reclassified as unknown sites. Shapes of aneurysms were classified into five categories: small size/small neck (maximum diameter was less than 10 mm and neck size was less than 4 mm, and ratio to maximum diameter and neck size was 1.5 or over), small size/wide neck (maximum diameter was less than 10 mm and neck size was 4 mm or over, or ratio to maximum diameter and neck size was less than 1.5), large (maximum diameter was 10-25 mm, giant (maximum diameter was 25 mm or over), and non-saccular aneurysm. Closed-circuit system general anesthesia with controlled ventilation by endotracheal intubation or laryngeal mask was classified into general anesthesia. Other anesthetic techniques such as sedatives without controlled ventilation were classified into local anesthesia. The responsible doctor for the treatment was classified into a supervisory doctor, specialist, and non-specialist of japanese Society for Neuroendovascular Therapy (jSNET). The dates of treatment were classified into five categories: within 24 hours, within 72 hours, within 7 days, within 14 days, and after 15 days. Treatment strategies were classified into simple technique, double catheter technique, balloon-assisted, stent-assisted, parent artery occlusion, and others. Coils used were classified as either a bare platinum coil alone or combination with a bioactive coil. as to the antiplatelet drugs (aspirin, ticlopidine, cilostazol, and clopidogrel), the preoperative number was used as a character and The modified rankin Scale (mrS) score 30 days after treatment was used to divide patients into good (0-3) and poor (4-6) outcome groups. These groups were statistically analyzed, using the statistical analysis software jmP 10 (SaS Institute Inc., Cary, North Carolina, uSa) and univariate and multivariate methods with a level of significance of < 0.05.
Results
In the univariate analysis, the factors that had statistically significant effects on the outcome on day 30 were the age, sex, mrS score before onset, WFNS classification, site, size, shape, emergency operation, responsible doctor for treatment, day of treatment, 3D rotational angiography, result of occlusion, preoperative use of antiplatelet drugs, perioperative hemorrhagic complications, rebleeding, and all ischemic complications ( Table 2) .
The multivariate analysis revealed that young patients, patients with low mrS scores before onset, and patients with low WFNS grades had good outcome. Compared to proximal ICa aneurysms, the odds ratios of mCa and aCa aneurysms were (Continued) odds ratios of cases in which the responsible doctor for the treatment was a specialist and a non-specialist were 1.29 and 1.40, respectively, indicating that the outcome was poorer when the responsible doctor for the treatment was a specialist or a non-specialist. regarding coils used for embolization, the outcome of patients treated with bare platinum coils was better (odds ratio: 0.70). regarding the result of occlusion, there was no statistically significant difference between patients who completed treatment with neck remnant and those with complete occlusion (CO); the outcome of patients who completed treatment with body filling (BF) was poorer, with statistical significance, than in patients with CO (odds ratio: 1.78). The sex, size of aneurysm, anesthetic technique, or treatment strategy did not show a correlation with the outcome on day 30. regarding complications, perioperative hemorrhagic complications occurred in 4.5% (227/5,102), all ischemic complications occurred in 6.4% (327/5,102), and rebleeding occurred in 1.4% (73/5,102) of patients. The results of the multivariate analysis showed that all these complications were poor outcome factors on day 30, with odds ratios of 2.72, 2.96, and 25.49, respectively.
Discussion
The incidence of subarachnoid hemorrhage in japan has been reported to be approximately 20 per year per 100,000 population 7, 8) ; that is, it affects about 25,000 patients per year there. Based on annual report of japan Neurosurgical Society (jNS), about 15,000 procedures for aneurysmal subarachnoid hemorrhage were registered annually. 122 and 150 institutions participated from jr-NET1 and jr-NET2, and our data were obtained from 200 of 387 specialists (51.7%) of jSNET in jr-NET1, and 256 of 488 specialists (52.5%) in jr-NET2, respectively. Given these considerations, they are considered sufficient to show the current status of endovascular treatment for ruptured cerebral aneurysm in japan, although the study sites accounted for only approximately 50% of all institutions. according to demographic data, grade-5 patients accounted for 14% ( Table 1 ), suggesting that rebleeding was actively prevented by endovascular treatment, as previously reported, 9) although the prevention was not recommended in the guidelines. 1, 2) as with the ISaT, 2,3) mCa aneurysms accounted for only 6% of the sites of treatment, and arteries in the posterior fossa including Ba and Va accounted for 26%, suggesting that endovascular treatment was considered suitable for lesions in the posterior fossa 10) and surgical treatment was considered suitable for mCa aneurysms, 11, 12) as previously reported. although there were no differences between jr-NET1 and jr-NET2 in any of the items evaluated, treatment mainly by specialists was becoming more widely performed in jr-NET2 endovascular treatment in japan. Bi-plane angiography and 3D rotational angiography tended to be used with increased frequency. The perioperative use of heparin and postoperative use of anticoagulant therapy or antiplatelet drugs were excluded from the characters for the present study, because they were considered susceptible to the result of treatment.
The mrS score on day 30 was used to assess the outcome of subarachnoid hemorrhage, because these data were obtained in studies that enrolled patients within 30 days of treatment. Patients with an mrS score of 0 to 3 were classified as having good outcome, and the percentage of patients with good outcome was significantly higher among young patients with symptoms that were classified as mild according to the WFNS classification, as reported elsewhere. 13, 14) It may be necessary to assess the outcome after long follow-up such as after 1 or 2 years.
regarding the sites of treatment, patients with mCa aneurysms were more likely to have poor outcome, suggesting that their angioanatomy of mCa aneurysm was difficult to treat by endovascular intervention, as stated in the american Heart association (aHa) Guidelines.
12,15) However we could not assess the relationship between the angioanatomical difficulty of mCa aneurysms and their outcomes, because there was no information about neck size of aneurysms of more than 10 mm. In recent years, successful outcomes of endovascular treatment for ruptured cerebral aneurysms of less than 3 mm have been reported. 16 ) Though small cerebral aneurysms have been reported to be a risk factor for perioperative rupture of cerebral aneurysms, there was no correlation between the size of cerebral aneurysm and its outcome. [17] [18] [19] [20] However, a small-size/wide-neck cerebral aneurysm was a poor outcome factor in the present study. 21) The rate of ischemic complication at the treatment of small-size/wide-neck was significantly higher (7.8%) than that of other shapes, and this result may be the reason of their poorer outcome.
as stated in the guidelines for the management of stroke, treatment within 72 hours of onset is a common approach to prevent rebleeding from ruptured cerebral aneurysms. 2, 22) In the present study, however, the percentage of patients with good outcome was high among those who underwent treatment after 15 days. This may be a result of aggressive treatment for patients who were expected to have good neurologic prognosis when an elective surgery was performed. The use of 3D rotational angiography, which has been becoming increasingly prevalent in recent years, was a good outcome factor on day 30. For safe endovascular treatment, it is necessary to perform 3D rotational angiography to obtain a clear picture of the relationship between a cerebral aneurysm and its parent artery. In the present study, bioactive coils were not shown to be useful as reported elsewhere, 23) and bare platinum coils were shown to have a better outcome. The reason may be that the rate of hemorrhagic complications during procedure was significantly higher (5.0%) on the treatment by bioactive coils than bare platinum coils.
The outcome was poor for untreated patients, which suggested the need for rebleeding prevention. The outcome was also poor for patients in whom the outcome of occlusion was PaO, probably because patients with PaO were unintentionally included. The outcome was also poor for patients in whom the result of occlusion was BF, probably because the rate of rebleeding after the treatment and ischemic complications was significantly higher than other results of occlusion, 4.6% and 10.8% respectively. The outcome for patients treated by a supervisory doctor was better than that for patients treated by a specialist or non-specialist alone, suggesting that the success of endovascular treatment is dependent on the amount of experience which the responsible doctor for the treatment has at performing the treatment.
Perioperative hemorrhagic complications, all ischemic complications, and rebleeding influenced the outcome, with odds ratios of 2.72, 2.96, and 25.49, respectively. The incidence of hemorrhagic complications that occurred during treatment was 4.5%, as reported elsewhere. 17, 20, 24, 25) In the present study, however, the incidence of hemorrhagic complications that might affect the outcome was unclear. With recent advances in the technique of perioperative blood flow interruption using a balloon-tipped guiding catheter and balloon catheter, it is expected that the incidence will continue to decrease. all ischemic complications occurred in 6.4% of all patients, as reported elsewhere. 17, 20, 25) In addition, the incidence of rebleeding after endovascular treatment has been reported to be higher than that after craniotomy, 3, [26] [27] [28] and the incidence of rebleeding from ruptured aneurysms within 30 days was 1.4% in the present study. Since differences in treatment strategy did not affect the outcome, selection of appropriate treatment is necessary for the prevention of these complications.
Conclusion
The results of the retrospective registry studies conducted on data accumulated in japan from 2005 to 2009 showed that the factors that affected the outcome on day 30 were perioperative hemorrhagic complications, all ischemic complications, rebleeding, age, WFNS classification, mCa aneurysms, small-size/wide-neck cerebral aneurysm, use of 3D rotational angiography, treatment in the absence of the supervisory doctor, and BF as a result of treatment.
Thus, we reported here on the current status of endovascular treatment for ruptured cerebral aneurysms in japan. We must be fully aware of these risk factors and determine indications for the treatment when endovascular treatment is performed as the treatment of choice for ruptured cerebral aneurysm.
